Introduction {#s1}
============

Non-alcoholic fatty liver disease (NAFLD) encompasses a spectrum of diseases ranging from steatosis to steatohepatitis and cirrhosis \[[@R01]-[@R03]\].

Given the increasing incidence of NAFLD and the long-term consequences of this disease, it is important to identify the risk factors and therapeutic measures, which can help to curtail the progression of this aggressive illness \[[@R04], [@R05]\].

NAFLD results from the presence of fat in the liver parenchyma not accompanied by inflammation, in absence of excessive alcohol consumption and is considered as one of the components of the metabolic syndrome. NAFLD may be influenced, according to more recent data, also by the intestinal microbiome, among other factors like age, gender, the presence of diabetes, and genetic polymorphism \[[@R06], [@R07]\].

NAFLD is usually asymptomatic, being detected incidentally during abdominal ultrasound examinations, liver function tests or by hepatomegaly in the routine clinical examination, although in some cases it is accompanied by diffuse symptoms, such as discomfort in the upper right quadrant of the abdomen or diffuse abdominal discomfort \[[@R08]\].

Abdominal ultrasonography is the most widely used diagnostic method in this disease because it is more economical and standardized, although other imaging modalities have also been used, such as computed tomography and magnetic resonance imaging \[[@R9], [@R10]\].

There is no proven effective therapy for NAFLD. Double-blinded, randomized, controlled with diet and exercise with a greater number of patients and longer time of treatments including checking the degree of injury are recommended \[[@R11]\].

However, there are limited evidences in relation to some alternative therapies such as decreased body weight, the use of lipid-lowering agents, of sensitizing drugs to insulin, angiotensin converting enzyme inhibitors, nutritional supplements and antioxidants \[[@R12]-[@R15]\].

Abexol (D-002), a mixture of primary aliphatic alcohols purified from beeswax (Apis mellifera) \[[@R16]\], is a nutritional supplement that produces moderate anti-inflammatory effects \[[@R17]\] in addition to marked antioxidant \[[@R18], [@R19]\] and gastroprotector effects \[[@R20], [@R21]\].

Randomized, double-blinded, placebo-controlled clinical studies have demonstrated that Abexol improves the ulcer healing process and reduces the ulcer associated symptoms, reduces the frequency of gastrointestinal symptoms in patients under therapy with non-steroidal anti-inflammatory drugs \[[@R22], [@R23]\], and exerts antioxidant effects in healthy volunteers and in the middle and elderly, reducing lipid peroxidation, markers of protein oxidation and increasing the total antioxidant state of the plasma, as well as being safe and very well tolerated \[[@R22]-[@R27]\].

Materials and Methods {#s2}
=====================

The present analysis shows the data of all patients with NAFLD treated with Abexol during 6 months included in medium-term clinical studies.

The studies were prospective, randomized, double-blinded, placebo controlled and conducted in accordance with the Declaration of Helsinki (as revised in Brazil in 2013) \[[@R28]\], as well as the recommendations of the World Health Organization and the Cuban regulations on Good Clinical Practices. The study protocols were approved by the Ministry of Public Health and by the Ethics Committee in Clinical Research of the Surgical Medical Research Centre and National Institute of Gastroenterology (IRB No. 2018-09-001), as well as registered in the Cuban Public Registry of Clinical Trials.

Patients {#s2a}
--------

Patients enrolled were of both sexes, aged between 25 and 70 years who attended an outpatient consultation, and were recruited after signing the informed consent, with a history of liver enzyme elevation in routine examinations, obesity or overweight, diabetes, dyslipidemias or with an ultrasound history of liver disease due to non-alcoholic fat deposition.

Patients with ultrasound diagnosis of NAFDL according to standard criteria accepted by the American Gastroenterology Association \[[@R29]\] were included.

Patients with current alcohol consumption, C and B virus infection, autoimmune liver disease, hemochromatosis, hepatotoxicity, human immunodeficiency virus (HIV), secondary causes of NAFLD, cirrhotic patients, pregnant or nursing women, and diabetic patients non-compensate were excluded from the study.

Patients receiving treatment that could influence liver function were also excluded.

Treatment {#s2b}
---------

The studied drugs (Abexol or identical placebo tablets) were taken twice per day (at lunch and dinner) for 6 months, so that treated patients received a dose of Abexol within the range approved in humans (100 mg/day).

Randomization was computer generated using blocks and 1/1 randomization and treatments were given in identical coded packages accordingly. Consumption of drugs with recognized or suggested antioxidant, liver protective, or hepatotoxic effect was not allowed.

Treatment compliance was assessed by counting the remaining tablets with respect to those that should be consumed in each period. To be acceptable, ≥ 85% of the tablets scheduled for a period must have been consumed. Diet adhesion was followed by using special chart records filled by patients and by recording body weight at each visit.

Efficacy variables {#s2c}
------------------

The primary outcome measure was improvement of NAFLD ultrasound according to criteria accepted by the American Gastroenterology Association: decrease in hepatic echogenicity based on renal echogenicity; and/or absence of attenuation; and presence of differentiation of the periportal reinforcement and of the vesicular wall due to the decrease of the parenchymal hyper echogenicity, the degree of involvement being standardized by semi-quantitative scale of the degree of hepatic refringement \[[@R30]\].

All patients underwent ultrasonography for liver steatosis after fasting for 10 to 12 h. Ultrasound scans were performed by a trained operator who was blind to participant's group allocations. Steatosis severity was scored using the following scale: 0 (normal), 1 (mild), 2 (moderate), and 3 (severe) \[[@R31]\].

Significant reduction in the values of the insulin resistance index (homeostasis model assessment (HOMA) index) and insulin levels with respect to the baseline values and the group that receives placebo was considered a secondary efficacy variable.

Clinical evaluation was carried out as follows: patients were inquired about the evolution of their symptoms, like liver discomfort or pain, abdominal bloating, and/or nausea. The changes were classified as follows: improved, worsened or unchanged.

Safety and tolerability {#s2d}
-----------------------

Data from physical examination (bodyweight, body mass index (BMI), pulse rate and arterial pressure), laboratory tests and requests for adverse events (AEs) were included for safety and tolerability analysis.

All undesirable events that newly appeared to patients during the trials, disregarding the cause, were considered as AEs. In accordance with their intensity, AEs were classified as mild, moderate or serious. Mild AEs should not require suspension of study capsules and/or specific treatment of the AEs, moderate AEs should require stopping therapy and/or specific treatment of the AEs, and serious AEs should lead to hospitalisation and/or deaths \[[@R32]\].

Laboratory analysis {#s2e}
-------------------

Blood venous samples were drowned from 8:00 to 8:30 am, after an overnight fasting of 12 h, and aliquots were obtained for laboratory determinations. Liver enzymes (alanine aminotransferase (ALT), aspartate aminotransferase (AST), gamma-glutamyl transferase (GGT)), insulin, serum glucose, and creatinine were determined by enzymatic methods by using reagent kits (Roche, Switzerland) in the Hitachi 912 autoanalyser (Tokyo, Japan).

Insulin levels were determined using radioimmunoassay. The HOMA index was calculated follows:

HOMA index = fasting insulin (µU/mL) × fasting blood glucose (mmol/L)/22.5

Statistical analyses {#s2f}
--------------------

Data analyses were conducted according to intention to treat, including all randomized patients, regardless of studied treatments compliance and the data imputation was performed by the drag method.

The data presented as mean ± standard deviation. Comparisons of continuous variables were performed using the *t*-test for paired (within group comparisons) and independent samples (between group comparisons). Categorical variables were compares with the Chi-square test. A value of α = 0.05 was assumed for statistical significance. Comparisons were done with the SPSS 21 system on Windows 10 (SPSS Inc, Chicago, IL, USA).

Results {#s3}
=======

Baseline characteristics of the patients studied {#s3a}
------------------------------------------------

In this study, 106 patients were recruited, with 100 being included in the active treatment phase. Six patients were not included because they had no ultrasonographic evidence of fat infiltration. [Table 1](#T1){ref-type="table"} shows the main baseline characteristics of the study population. The groups were statistically homogeneous in all the comparisons made.

###### Baseline Characteristics of Study Patients

                                           Abexol (n = 50)   Placebo (n = 50)   Total (n = 100)
  ---------------------------------------- ----------------- ------------------ -----------------
  Age (years) (X ± SD)                     53 ± 9            53 ± 8             53 ± 9
  BMI (kg/m^2^) (X ± SD)                   29.7 ± 5.3        29.1 ± 4.1         29.4 ± 4.6
                                           n, %              n, %               n, %
  Gender, n (%)                                                                 
    Female                                 28 (56.0%)        26 (52.0%)         54 (54.0%)
    Male                                   22 (44.0%)        24 (48.0%)         46 (46.0%)
  Personal history, n (%)                                                       
    Hypertension                           30 (60.0%)        27 (54.0%)         57 (57.0%)
    Dyslipidemia                           27 (54.0%)        26 (52.0%)         53 (53.0 %)
    Overweight (BMI ≥ 25, \< 30 kg/m^2^)   23 (46.0%)        24 (48.0%)         47 (47.0 %)
    Obesity (BMI ≥ 30 kg/m^2^)             20 (40.0%)        19 (38.0%)         39 (39.0%)
    Diabetes mellitus                      12 (24.0%)        10 (20.0%)         22 (22.0%)
    Smoking                                11 (22.0%)        9 (18.0%)          20 (20.0%)
    Coronary heart disease                 4 (8.0%)          5 (10%)            9 (9.0%)
  CM, n (%)                                                                     
    Patients consuming CM                  48 (96.0%)        47 (94%)           95 (95.0%)
    ACEI                                   20 (40.0%)        16 (32.0%)         36 (36.0%)
    Lipid-lowering drugs                   15 (30.0%)        16 (32.0%)         31 (31.0%)
    Diuretics                              14 (28.0%)        14 (28.0%)         28 (28.0%)
    Oral hypoglycemic drugs                12 (24.0%)        10 (20.0%)         22 (22.0%)
    β-blockers                             6 (12.0%)         4 (8.0%)           10 (10.0%)
    Antiplatelet drugs                     4 (8.0%)          5 (10.0%)          9 (9.0%)
    Calcium antagonists                    2 (4.0%)          4 (8.0%)           6 (6.0%)
    Nitrovasodilator                       2 (4.0%)          2 (4.0%)           4 (4.0%)

All comparisons were not significant. The table included CM consumed by ≥ two patients. BMI: body mass index; CM: concomitant medications; X: mean; SD: standard deviation; ACEI: angiotensin converting enzyme inhibitor.

The average age of the population studied was 53 years and the most prevalent personal history was arterial hypertension (57%). Other personal antecedents present in the study population (≥ 20%) were dyslipidemia (53%), overweight (47%), obesity (39%), diabetes (22%) and smoking (20%).

The 95% of patients consumed some medication, the most frequent being angiotensin converting enzyme inhibitors (36%), lipid-lowering drugs (31%), diuretics (28%), and oral hypoglycemic drugs (22%) as expected according to the number of hypertensive patients, patients with dyslipidemia and diabetic patients.

Of the 100 patients included, 85 completed the treatment, and 15 patients were discharged: three for AEs (placebo group), nine patients for not wishing to continue and three patients for trips abroad. Comparisons between groups were not significant.

The adherence to treatment was satisfactory and comparable between the groups, since the patients consumed \> 85% of the treatment that corresponded to them.

No significant difference between groups in dietary and treatment compliance was observed.

Effects on primary efficacy outcomes {#s3b}
------------------------------------

The results of the ultrasonographic evaluation of the liver are shown in [Table 2](#T2){ref-type="table"}. At baseline, the stages of steatosis were comparable in both groups, and no patient was classified as normal (score = 0). At the end of treatment 14/50 (28%), Abexol patients exhibited a normal liver echo pattern on ultrasonography versus 6/50 (12%) placebo patients (P \< 0.05).

###### Effects on Ultrasonographic Evaluation

  Degree of severity   Abexol   Placebo   P value
  -------------------- -------- --------- -----------
  Baseline                                
    Normal             0        0         ns
    Mild               17       18        ns
    Moderate           23       24        ns
    Severe             10       8         ns
  Six months                              
    Normal             14       6         P \< 0.05
    Mild               16       18        ns
    Moderate           17       21        ns
    Severe             3        5         ns

P \< 0.05 comparison with placebo (χ^2^ test). ns: no significant.

Effects on secondary efficacy outcomes {#s3c}
--------------------------------------

Abexol treatment significantly reduced insulin levels and the HOMA index by 29.1% and 26.3 %, respectively (P \< 0.05 as compared to baseline and placebo) ([Table 3](#T3){ref-type="table"} or [Fig. 1](#F1){ref-type="fig"}).

###### Effects on Secondary Efficacy Outcomes (X ± SD)

  Treatment                 Baseline      Six months           Changes (%)
  ------------------------- ------------- -------------------- -------------
  Insulin levels (µUI/mL)                                      
    Placebo                 70.6 ± 29.8   73.2 ± 30.1          +3.7
    Abexol                  71.4 ± 28.6   50.6 ± 31.2^a,\ b^   -29.1
  HOMA index                                                   
    Placebo                 11.5 ± 5.5    13.3 ± 8.6           +15.7
    Abexol                  12.2 ± 8.2    9.0 ± 5.1^a,\ b^     -26.3

^a^P \< 0.05 comparison with baseline (*t*-test for paired samples); ^b^P \< 0.05 comparison with placebo (*t*-test for independent samples). X: mean; SD: standard deviation.

![Effects on secondary efficacy outcomes. ^a^P \< 0.05 comparison with baseline (*t*-test for paired samples); ^b^P \< 0.05 comparison with placebo (*t*-test for independent samples).](gr-13-073-g001){#F1}

At 6 months of therapy, the proportion of Abexol-treated patients who declared clinical improvement of some symptoms (30/50, 60%) was significantly greater (P \< 0.01) than that of the placebo group (4/50, 8%), meanwhile more (P \< 0.05) placebo patients (40/50, 80%) than Abexol-treated patients (10/50, 20%) declared no change in their symptoms, and only six patients in the placebo group declared that the symptoms had worsened.

Safety and tolerability analysis {#s3d}
--------------------------------

Abexol given for 6 months was safe and well tolerated by the patients. The treatment did not affect physical safety indicators (values not shown for simplicity), nor significantly modified the remaining blood indicators laboratory indicators investigated during the study ([Table 4](#T4){ref-type="table"} or [Fig. 2](#F2){ref-type="fig"}) in any of the comparisons made. In addition, individual values remained within normal range.

###### Effects on Laboratory Variables (X ± SD)

  Treatment             Baseline      Three months   Six months
  --------------------- ------------- -------------- -------------
  AST (U/L)                                          
    Placebo             28.1 ± 10.2   28.9 ± 10.5    27.3 ± 11.1
    Abexol              28.4 ± 11.3   27.3 ± 10.8    26.2 ± 10.7
  ALT (U/L)                                          
    Placebo             32.6 ± 13.4   30.9 ± 12.5    31.4 ± 14.7
    Abexol              31.9 ± 14.3   30.1 ± 11.9    29.6 ± 13.5
  GGT (U/L)                                          
    Placebo             41.2 ± 28.6   39.9 ± 25.8    40.1 ± 26.7
    Abexol              42.1 ± 26.5   40.3 ± 23.7    38.9 ± 24.5
  Glucose (mmol/L)                                   
    Placebo             5.4 ± 1.6     5.5 ± 1.0      5.0 ± 1.7
    Abexol              5.7 ± 1.4     5.5 ± 1.2      5.2 ± 1.1
  Creatinine (μmol/L)                                
    Placebo             75.9 ± 13.4   76.8 ± 14.2    75.3 ± 15.1
    Abexol              80.6 ± 18.6   79.1 ± 14.4    78.6 ± 14.7

All comparisons were not significant. X: mean: SD standard deviation; ALT alanine aminotransferase; AST: aspartate aminotransferase; GGT: gamma glutamyl transferase.

![Effects on laboratory variables. All comparisons were not significant. ALT: alanine aminotransferase; AST: aspartate aminotransferase; GGT: gamma glutamyl transferase.](gr-13-073-g002){#F2}

Nine patients reported mild AEs during the studies, four (8%) from the Abexol group and five (10%) from the placebo group (values not shown for simplicity).

Discussion {#s4}
==========

The adequate treatment of patients with liver disease due to non-alcoholic fatty deposition should be carried out on the basis of comprehensive and multidisciplinary care; therefore, the changes in lifestyle along with diet, exercise and medications constitute the basic pillars for its management \[[@R04], [@R08], [@R12]\].

In this study, the distribution by sex was homogeneous in both groups, with a greater percentage of women (54%) than men (46%). Although this difference was not significant, it is partly a reflection of what happens in routine clinical practice, in which women are more motivated to participate in clinical trials and are more disciplined.

The most prevalent personal history among the study patients was the prevalence of obesity + overweight (86.0%), which coincides with the fact that obesity is the greatest risk factor described for NAFLD. The number of patients with hypertension was also high (57%) and is consistent with the concomitant consumption of antihypertensive (angiotensin converting enzyme inhibitor (ACEI): 36%, diuretics: 28%).

Dyslipidemia was present in 53% of the patients, of whom 31 patients received lipid-lowering therapy. Type 2 diabetes mellitus frequently coexists in this population, as they share risk factors such as adiposity and insulin resistance. However, the prevalence of type 2 diabetes mellitus is 20-35% in patients with NALFD \[[@R10], [@R33]\], so that the existence of 22% in the population studied is within the estimated range.

The efficacy analysis showed satisfactory results for the Abexol treatment evaluated in relation to the primary efficacy variable. At the beginning of the study, all patients presented some degree of steatosis, confirming that they were well included according to the ultrasound performed. At the end of treatment the number of patients (28%) that exhibited a normal liver echo pattern on ultrasonography was significantly higher (P \< 0.05) than that in the placebo group (12%). The results of the ultrasonographic evaluation of the liver showed that the number of patients who managed to reduce echogenicity by at least one degree or remained the same at the end of the study (6 months) too was higher in the Abexol group versus placebo group.

On the other hand, Abexol was effective for lowering insulin resistance as we found a significant decrease in the HOMA index (26.3%), an evidence-based surrogate measure of insulin resistance, and insulin (29.1%) levels after 6 months of treatment. In light of this fact, our results suggest the clinical relevance of the potential use of Abexol for improving insulin resistance in patients with NAFLD. This effect of Abexol may be explained by the action of triacontanol, its main component, for activating adenosine monophosphate (AMP) kinase, which may lead to metabolic gene regulation and to the AMP-mediated activation reducing insulin secretion by pancreatic β-cells, effect similar to that of metformin, a well-known insulin sensitizer \[[@R34]\].

Overall, the antioxidant effects of Abexol and its action on insulin resistance indicators (HOMA index and insulin levels) may support its efficacy on the ultrasonography reversion of liver fat accumulation.

It is known that inflammation is closely related to NAFLD, so that some inflammation-mediating substances have been investigated as potential diagnostic tools \[[@R33], [@R34]\].

There is experimental evidence of the anti-inflammatory effects of Abexol, which, through the inhibition of the activity of the cycle and lipoxygenase enzymes, causes an inhibition of the synthesis of eicosanoids: prostaglandins and thromboxane by the cyclooxygenase route, and leukotrienes and lipoxins by lipoxygenase pathway. Abexol has an effect on cyclooxygenase (COX), specific on COX-2 and on 5-lipoxygenase (5-LOX), with the latter being involved in the production of leukotrienes B4, which constitutes a potent chemotactic factor for neutrophils, promoting the development of acute inflammation. The inhibition of both enzymes, framing it as dual anti-inflammatory, blocks the synthesis of eicosanoids, and prevents inflammation associated with the development of NAFLD \[[@R35]-[@R37]\].

The Abexol treatment did not produce significant changes in the serum levels of liver enzymes (ALT, AST, GGT), although there was a tendency to reduce these values, a very positive effect in this type of patients. At a first glance, this fact seems to be against our efficacy hypothesis, but it should be related to the fact that most patients had normal or relatively low baseline transaminase levels.

Abexol treatments showed a satisfactory safety profile, since there were no significant changes in the physical and laboratory indicators investigated during the study, which coincides with previous results of the clinical evaluation of these treatments \[[@R17], [@R18], [@R22]-[@R27]\].

Conclusions {#s4a}
-----------

Abexol for 6 months may ameliorate liver fat accumulation and insulin resistances, meanwhile improving clinical evolution in patients with NAFLD. The treatment was safe and well tolerated in these patients.

Future studies with a greater number of patients with NAFLD and longer treatment are needed to confirm these results.
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